Introduction.
and days following birth, the newborn adapts itself to the new nutritional environment by increasing its capacity to produce glucose de novo (gluconeogenesis) in order to satisfy its high glucose needs. Oxidation of fatty acids is enhanced in the liver and at the peripheral level. Ketone bodies synthetized from fatty acids in the liver in large amounts are utilized by other tissues and specially the brain where they can met energetic and synthetic needs. In the rat, during the suckling period, lipogenesis is decreased in the liver and in white adipose tissue and triglyceride accretion is minimized. At weaning, these adaptations are reversed : decreased gluconeogenic and oxidative capacity of the liver, decrease of the role of ketone bodies, increase of the lipogenic rate in the liver and the adipose tissue, storage of triglycerides. The nutritional and hormonal factors involved in these metabolic adaptations are numerous but insulin and glucagon might play a major role.
Introduction.
In most of the mammals, the fetal-neonatal and the suckling-weaning transitions are attended by marked nutritional changes. The fetus uses mainly glucose, aminoacids and lactate as oxidative fuels, whereas fatty acids do not contribute significantly to fetal oxidative metabolism (Battaglia and Meschia, 1978 ; Girard et a/., 19851 . After birth, the newborn is fed with milk which, in most of the species, can be classified in term of energy delivered as a high fat, low carbohydrate diet (table 1) although this trend is less marked in humans. At weaning, the young mammal is fed with a diet in which the contribution of fat decreases whereas that of carbohydrate increases. In order to adapt to the changing nutritional environment, the newborn and the young undergo modifications of their energy metabolism. According to the species, these changes are not equivalent. Indeed, both milk composition and the degree of maturity of the animal at birth are different. This review will primarly focuse on the rat, since the informations gathered in this species allow to draw a coherent picture. When data are available concerning the human, they will also be discussed. (Bier et al., 1977) . In keeping with this, it has been reported that in infants with a reduced cerebral mass (anencephaly or hydrancephaly), the glucose turnover rate per kg body-weight was similar to that of adults (Schwartz and Kahlan, 1975 (Shelley, 19611 . The rapid onset of liver glycogenolysis at birth allows to maintain a normal blood glucose concentration in the newborn before other sources of energy become available. In the rat, the hepatic glycogen content remains low during the suckling period and increases only after weaning (Walker and Snell, 1973) (fig. 2) . Thus, the contribution of liver glycogenolysis to glucose production during the suckling period is very low. Several lines of evidence suggest that gluconeogenesis is extremely active in the liver of the suckling rat. When specific inhibitors of gluconeogenesis are injected into suckling rats, a profound hypoglycaemia develops rapidly Ferré and Williamson, 1978) . In contrast, in fed adult rats, these compounds do not produce hypoglycaemia (Di Tullio et al., 1974) . Measurement of the gluconeogenic capacity of rat liver in vivo or in vitro indicates that gluconeogenesis is absent from the fetal liver, increases during the first hours following birth, remains 2-3-fold higher during the suckling period than in the starved adults and decreases progressively at weaning to reach adult levels 30 days after birth (Phillipidis and Ballard, 1969 ; Beaudry, Chiasson and Exton, 1977 ; Ferré et al., 19811 . This pattern is similar to the one observed for the activity of the key enzymes of gluconeogenesis and specially phosphoenolpyruvate carboxykinase (Ballard and Hanson, 1967 ; Vernon and Walker, 1968) .
In human newborns, studies with stable isotopes have shown that gluconeogenesis from lactate, glycerol and alanine occurs at a significant rate within the first 8 hrs of life (Kahlan et al., 1980 ; Frazer et al., 1981 ; Bougneres et al., 1982) . Moreover, congenital deficit of one of the specific enzymes of gluconeogenesis leads even in fed newborns to episodes of severe hypoglycaemia (Pagliara et al., 1972 ; Hommes et al., 1976 ; Vidnes and Sovik, 1976) .
The relative contribution of gluconeogenesis to glucose homeostasis of the suckling newborns can also be estimated by comparing the exogenous supply of glucose via the milk and the rate of glucose utilization. These two parameters have been measured in human (Gentz, Kellum and Persson, 1976 ; Kahlan et al., 1976 ; Bier et al., 1977) and rat (Chalk and Bailey, 1979 ; Ferré et al., 1980) and indicate that glucose supplied from the milk covers respectively 50 % and 20 % of the glucose requirements of the human and rat newborns. Thus gluconeogenesis is an essential process to maintain normoglycaemia in the breast-fed infant or suckling rat.
The relative contribution of different substrates to gluconeogenesis in the neonate is not well known. It is unlikely that amino acids contribute to a great extent to glucose synthesis since they must be utilized for the active protein synthesis. The glycerol esterified in the triglycerides is also a possible precursor. In the human newborn, glycerol could contribute to 15 % of the glucose synthetized de novo (Bougnères et al., 1982) . Lactate which comes from the incomplete oxidation of glucose in various tissues is a good gluconeogenic precursor in the newborn rat (Ferré et al., 1980 Jones, 1978a Jones, , 1978b . At weaning lipoprotein lipase activity decreases in skeletal muscles and brown adipose tissue but remains elevated in the heart (Cryer and Jones, 1978a Jones, , 1978b The capacity to oxidize long-chain fatty acids in extra-hepatic tissues is low in the fetal rat heart, skeletal muscle, kidney and small intestine but increases shortly after birth (Warshaw, 1972 (Warshaw, , 1974 Glatz and Veerkamp, 1982 ; Freund, Sedraoui and Geloso, 1984) . It has been suggested that this is linked to a low activity during the fetal life of carnitine acyltransferase, the enzyme which catalyzes the entry of long-chain acylcoa inside the mitochondria, followed by its increase after birth, as well as to the increased concentration of its obligatory cofactor, carnitine, provided to the newborn via the milk (Robles-Valdes, McGarry and Foster, 1976 ; Borum, 1978 ; Hahn and Skala, 1972 ; Caroll et al., 1983) . After weaning, the capacity to oxidize NEFA remains elevated in heart (Warshaw, 1972) ; kidney (Freund, Sedraoui and Geloso, 1984) and to a lesser extent in skeletal muscle (Glatz and Veerkamp, 1982) .
3.3. Lipid oxidation in the liver. -In the liver, lipid oxidation fills two purposes : ATP generation for liver own energetic needs but also ketone body synthesis. Ketone bodies are then released into the blood and carried to the extrahepatic tissues where they are utilized (Robinson and Williamson, 1980 ; Williamson, 19821. In the fetal rat liver, NEFA oxidative capacity is low ; it increases during the first 12 hrs after birth, remains high during the suckling period to decrease at weaning (Sly and Walker, 1978 ; Benito, Whitelaw and Williamson, 1979 ; Ferré et al., 1983 ; Decaux et al., 1985) . Changes in the liver capacity to oxidize NEFA are paralleled by changes in the activity of the mitochondrial enzymes of Boxidation and ketone body synthesis (Foster and Bailey, 1976b ; ling, together with the high availability of NEFA in the plasma lead to high ketonebody blood concentrations which decrease after weaning (Lockwood and Bailey, 1971 ; Foster and Bailey, 1976a (Bougneres et al., 1986) . Moreover, for a similar blood concentration, ketone-body utilization is 2-fold higher than in the adult. This higher ketone-body clearance rate can be linked to the large brain size in relation to body weight, a brain which possesses high activities of the specific enzymes of ketone body utilization Tildon and Cornblath, 1972 Whitelaw and Williamson, 1979) . This is correlated with a low activity of the lipogenic enzymes in the liver and specially acetylCoA carboxylase (Lockwood, Bailey and Taylor, 1970) during the suckling period, followed by a large increase at weaning. The availability of NEFA will by itself decrease the lipogenic rate since long-chain acylCoA are potent inhibitors of the acetylCoA carboxylase reaction Denton, 1973, 1974) . The lipogenic rate is also low in brown adipose tissue and increases after weaning (Pillay and Bailey, 1982) . This suggests that during the suckling period, the high thermogenic activity of this tissue (Himms-Hagen, 1976 ) is supported by the oxidation of circulating triacylglycerol fatty acids. In white adipose tissue, the lipogenic rate is low during the suckling period (Tsujikawa and Kimura, nomenon is concomitant of fat accretion (Cryer and Jones, 1978a (Pégorier, Ferré and Girard, 1977 ; Ferré et al., 1978 Ferré et al., , 1979 and in the human (Bougnères et al., 1981 ) . NEFA oxidation provides energy and the necessary cofactors for gluconeogenesis (Ferré et al., 1979) . In the rat, at the peripheral level, lipid oxidation decreases glucose oxidation by inactivating pyruvate dehydrogenase (Pégorier et al., 1978 ; 1983) and thus increases lactate production from glucose and its availability as a gluconeogenic precursor (Cori cycle). A similar mechanism has been postulated in the human newborn oxidizing ketone bodies (Bougnères et al., 1983 ).
In conclusion, lipid oxidation increases glucose production both by a direct effet on gluconeogenesis and by increasing lactate availability. It also decreases glucose utilization thus reducing the need for gluconeogenic precursors and specially aminoacids which can then be used for protein synthesis.
5. Nutritional and hormonal control of metabolic adaptations.
Many hormonal and metabolic factors participate to the regulation of metabolism during this period and some regulatory mechanisms even anticipate the changes in the nutritional environment (Greengard, 1971 ; Henning, 1981) . We have chosen to focus on the role of insulin and glucagon since, in adult mammals, the pattern of secretion of insulin and glucagon play a fundamental role in the adaptation of glucose and lipid metabolism to changing nutritional conditions.
Insulin and glucagon exert opposite actions upon hepatic metabolism ; glucagon promotes glucose production by increasing glycogenolysis and gluconeogenesis while insulin can inhibit glucose production and cause glucose storage ; glucagon stimulates NEFA oxidation and ketone body synthesis and inhibits lipogenesis whereas insulin has the reverse effects. At the peripheral level, insulin inhibits lipolysis, activates lipogenesis and increases glucose utilization in insulindependent tissues.
During the immediate postnatal period, a significant increase in plasma glucagon occurs in rat and human neonates ( fig. 3) . During the same period, insulin falls or remains low (fig. 3) ; these changes seem to be brought about by an adrenergic stimulation of the pancreas linked to the stress associated with birth . The suckling period in the rat is characterized by high plasma glucagon and low insulin levels ( fig. 3) , an hormonal environment found also in breast-fed infants . When the rats are weaned on the laboratory chow, plasma glucagon decreases and insulin increases ( fig. 3 ) and a direct relationship between the new diet and the hormonal environment has been shown . It is then clear that this hormonal pattern can at least partially account for the metabolic adaptations observed during the suckling ( fig. 3) (Yeung and Oliver, 1968a, b ; Girard et al., 1977) . Moreover, the injection of cAMP to the fetus causes a 20-fold increase in the level of translatable Phosphoenolpyruvate carboxykinase mRNA in fetal liver, an increase which is normally observed in the hours following birth (Garcia-Ruiz, Ingram and Hanson, 1978) . Thus, it is likely that, at birth, the fall of plasma insulin and the increase in plasma glucagon are responsible for the increase in hepatic phosphoenolpyruvate carboxykinase activity.
Glucokinase, a glucose-phosphorylating enzyme, present only in hepatocytes allows the phosphorylation of glucose in a substrate-dependent manner since its Km is in the 10 mM range and since its activity is not inhibited by glucose-6-phosphate. In contrast to phosphoenolpyruvate carboxykinase, the activity of liver glucokinase is absent during the suckling period and increases dramatically at weaning ( fig. 3) (Walker and Holland, 1965) . This is accompanied at weaning by a corresponding increase in the amount of glucokinase mRNA (Spence, 1983) . In the adult rat, glucose, insulin and glucagon exert a positive (insulin and glucose) or negative (glucagon) control upon glucokinase activity (Niemeyer, Perez and Rabajille, 1966 ; Sibrowski and Seitz, 1984) . In the suckling rat, precocious induction of glucokinase can be obtained in 13-day old rat by oral glucose administration ; this is counteracted by manno-heptulose (Wakelam, Allen and Walker, 1980) , an inhibitor of insulin release. Moreover, alloxan diabetes retards the normal appearance of glucokinase at weaning (Walker and Holland, 1965) . Finally, the normal development of glucokinase activity can be impaired by weaning the rat on a high-fat diet (Walker and Eaton, 1967) , a condition in which the low plasma insulin/glucagon ratio persists . Thus, the pattern of secretion of the pancreatic hormones plays an important role, although not exclusive (Wakelam, Allen and Walker, 1980) in the development of glucokinase activity.
6. General conclusion.
In the rat, the total amount of calories provided to the animal is nearly similar on a weight basis during the mid-suckling period and in the newly-weaned animal (in the range of 0.3-0.4 Kcal/g/day). Thus 
